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METHOD AND DEVICE FOR PRODUCING A CAVITY IN A 

WORKPIECE 

FIELD OF THE INVENTION 

The invention relates to a method and an apparatus for the 

production of a swage in a workpiece in accordance with the pream- 
bles of the independent claims. Such a method and device are known 
from the WO 00/19167 and the WO 00/18535 by the same appli- 
cant. 

BACKGROUND OF THE INVENTION 

The methods and devices mentioned particularly relate to proto- 
typing and mould-making, in which moulds and particularly swages 
are to be produced which are comparatively small and have to be pro- 
duced with high accuracy. 

In case of the method for producing a swage by means of a laser 
beam a laser beam is guided along the accessible work surface of a 
workpiece in the accessible work area in accordance with digitally 
stored shape data. This may, for example, be effected in a meander- 
ing or hatching manner. The laser power and other parameters are 
set so that the impinging laser beam partly evaporates the material at 
the position of incident so that it is removed from the surface. In this 
way the laser can, under an appropriate control, remove layers of ma- 
terial from the surface so that gradually a swage is produced. The 
guidance of a laser and the adjustment or control of the other pa- 
rameters of the process is carried out with reference to the digitally 
stored data. 

Fig 1 A is a schematic view of the above procedures. 1 1 desig- 
nates a workpiece shown in cross section. 12 schematically indicates 
the laser beam emitted by a laser head 13. 17 schematically indicates 
the position of incident of the laser beam on the current bottom of the 
swage. 18 schematically indicates the individual layers which have 



157-60. 759PCT 



2 



already been removed. 19 indicates the desired final shape of the 
swage in broken lines. 20 indicates the current bottom of the swage, 
i.e. the presently exposed surface of the swage. 15 designates the side 
walls of the swage. The illustration of Fig. 1A is so that the side wall 
15 and the swage bottom 20 can be well distinguished due to their 
angular correlation. This need not always be the case. Within the 
framework of the present application the term side wall generally 
identifies an accessible surface inside the swage positioned closer to 
the laser head 13 than the swage bottom 20 in its z-coordinate. 14 
designates the workpiece table. Further Fig. 1A shows the used coor- 
dinate definitions. The plane of the drawing is the x-z-plane. The y- 
coordinate is perpendicular to it (and indicated diagonally). The work 
window 10 of the laser beam is therefore located in the x-y-plane. 

Fig. IB shows the conditions which may develop on the side 
walls during the removal of material by means of a laser beam in an 
enlarged scale. The laser beam 12 which is conic due to its focus is 
guided over the swage bottom 20 in the direction of the arrow 2 1 . The 
evaporated, molten and sprayed material, particularly metal, is sym- 
bolised by the "jets" 23. Particularly the sprayed material is partly 
deposited in the swage again. Such re-deposited material is desig- 
nated by the numerals 16 (the deposit on the side wall 15) and 22 
(the deposit on the swage bottom 20). Deposits 22 on the swage bot- 
tom 20 are generally harmless since they are worked over during the 
next passage of the laser, and in particular they are removed in a 
controlled manner if a depth control is carried out. This does not ap- 
ply to the deposits on the side wall 15. Since the side walls are not a 
priori worked over by the laser beam the deposits 16 remain on the 
side wall. In addition, they tend to grow: The material is sprayed up 
to a first, incidentally formed deposit from below (from the swage bot- 
tom 20) and is deposited there. The deposit thus grows in the direc- 



tion towards the swage bottom 20. It also grows in the direction to- 
wards the inside of the swage as well as in the circumferential direc- 
tion of the swage. The deposit then resembles a heap cone. Such de- 
posits may significantly deteriorate the quality of the produced swage. 
SUMMARY OF THE INVENTION V 

It is the object of the invention to provide a method and a device 

for the production of a swage in a workpiece which enable the pro- 
duction of-a' swage with deposit-free side walls. 

Said object is solved by the features of the independent claims. 
The dependent claims relate to preferred embodiments of the inven- 
tion. 

According to the invention the side walls of the swage are also 
treated with a laser beam. The process may be preceded by a meas- 
urement of the side walls, the treatment of the side walls then being 
carried out in accordance with the measurement results. On the 
other hand the treatment of the side walls may be carried out "uni- 
versally" without a previous measurement. 

According to one embodiment "side wair may be understood to 
define the limitation of the swage with the exception of the current 
swage bottom. The term swage bottom defines the surface serving as 
the base for a further removal of material in the direction of the depth 
of the swage. 

Instead of or in addition to the use a laser beam the side walls 
may also treated with other processing means, e.g. an etching re- 
agent or a particle blast, or by using dry ice and/ or ultra sonic 
waves. 

The treatment of the side walls may be carried out on the com- 
plete depth of the swage or on part of it and on the whole circumfer- 
ence of the swage or on part of it. 
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The treatment of the side walls may be carried out with a re- 
duced laser power and/ or defocused at the position of impingement. 

The treatment of the side walls may, in particular, serve to re- 
move material re-deposited on the existing side walls during the 
swage formation, it may, however, also serve other purposes. The side 
wall to be treated in accordance with the invention may be inclined in 
a higher or lower degree. The transition to the current swage bottom 
may be smooth in case of very flat inclinations. When the treatment 
of the side walls is discussed this may include a treatment of the 
swage bottom, it may, however, also mean that only the side wall is 
treated. 

BRIEF DESCRIPTION OF THE DRAWINGS ; 

Individual embodiments of the invention will be described below 

with reference to the drawings in which: 

Figs. 1 A and B show the state of the art; 

Fig. 2 shows the approach according to the invention; 

Fig. 3 shows the control according to the invention; and 

Fig. 4 is a schematic view of a device for applying a processing 

means during the treatment of the side walls. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Fig. 2 is a schematic view of a workpiece similar to the one 

shown in Fig. 1A. The items which are identical to the ones shown in 
Fig. 1 are designated by the same numerals. According to the draw- 
ing the laser beam 12 impinges on the side wall 15. A deposit 16 is 
assumed to exist under the laser beam 12 and will be removed by the 
laser beam 12 so that the side wall reassumes its originally intended 
shape. 

It has been found that the deposits 16 may have other charac- 
teristics than the original material of the workpiece 1 1 when treated 
with a laser beam or another processing means, like a particle blast, 
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an etching reagent, dry ice or ultra sonic waves. In particular the re- 
deposited material 16 is less "resistant* against the laser beam 12 or 
a processing means than the original material of the workpiece 1 1 . 
This fact may be made use of by performing the treatment of the side 
walls so that the "full materiaT (i.e. the material of the workpiece 1 1 
originally left as the side wall 15) is not further removed by the laser 
beam 12. This can be achieved in different ways, for example by guid- 
ing the laser beam across the surface with a higher speed so that less 
energy is radiated onto each unit of area, or by reducing the laser 
power or by making the laser beam impinge on the side wall out of 
focus. The latter method is preferred. However, a combination of the 
above measures may be chosen. If the work is performed with the la- 
ser beam out of focus the predetermined position to be treated by the 
laser may be intra-focal (point of impingement between laser head 13 
and focus point of the laser beam) or extra-focal. 

The control of the laser 12 or the laser head 13 for the treat- 
ment of the side walls is performed in accordance with the swage 
data by means of a controller. The controller has access to the swage 
data so that particularly the coordinates of the side wall may be de- 
termined point- wise according to the x-, y- and z-coordinates. 

The treatment of the side walls may be carried out once or a 
plurality of times during the production of a swage. A side wall treat- 
ment cycle may, for example, be carried out after 10 (generally after 
n, n > 1), layers have been removed from the swage bottom 20, re- 
spectively. It is also feasible to perform the treatment of the side walls 
only once at the end of the production of the swage. 

The treatment of the side walls may be performed over the com- 
plete depth of the swage (i.e. from the swage bottom 20 up to the up- 
per edge of the swage) or only over a portion. In the circumferential 
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direction the treatment of the side walls may also be performed over 
the complete surface or just over a section. The question which parts 
of the side wall are to be treated may, for example, depend on how 
much the respective side wall tends to attract deposits. Deposits have 
a stronger tendency to form on steep side walls than on very flat 
ones. Therefore the inclination of the wall may serve as a criterion for 
the question of the side wall treatment. 

The treatment of the side walls may be performed so that the 
side wall is completely worked over, i.e. surface-covering. However, 
the swage may also be measured and a treatment of the side walls 
may only be performed where deposits are found on the side walls 
during the measurement. The measurement may be carried out using 
the depth sensor unit of the laser treatment head 13 or an external 
measurement device. In particular it is possible to completely work 
the side wall over (in the desired range) in a first treatment cycle and 
to evaluate the data acquired by means or the depth sensor unit cor- 
respondingly. When it is found that large deposits existed on a side 
wall and that they still exist after the first treatment of the side walls 
a possible second work-over may immediately follow. The depth sen- 
sor unit may be designed so that it analyses the process light and 
draws conclusions relating to the working depth from the results. 

During the treatment of the side wall the relative position of the 
laser head 13 with respect to the workpiece 11 may be set differently 
than during the removal of the material in layers. In particular the 
setting can be carried out so that the laser beam impinges on the side 
wall more "perpendicular". According to Fig. 2 this could be realised 
by shifting the laser head 13 to the right or the workpiece 1 1 together 
with the table 14 to the left. 
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A device for producing a swage is schematically shown in Fig. 3. 
Here the laser head 13 emitting the laser beam 12 is driven by a con- 
trol means 30. The laser head 13 is provided with a laser 36, a focus- 
ing means ("z- shifter") 37 and a deflecting unit 38 by which the laser 
can by guided over the surface of the swage in the x- and y- 
directions. These components are driven by the control means 30. 
The control means 30 comprises a memory 35 in which the swage 
data may be stored, in particular, in a vector- or position-related or 
combined manner. With reference to the data stored in the memory 
35 the control signals for the deflecting unit 38 are determined by an 
x-y-control 3 1 , the control signals for the focusing means 37 are de- 
termined by the focusing control means 32, and the control signals 
for the laser 36 are determined by the power control 34. When the 
treatment of the side walls is to be controlled the laser beam 12 is 
guided along the side walls of the swage by the deflection control 
means 31 using the deflecting unit 38. At the same time the defocus- 
ing by suitably controlling the position of the focus point particularly 
in the z-direction can be effected by the focusing means 37 using the 
focus control 32, or the output of the laser 36 may be adjusted by 
means of the power control 34. 

A method according to which the treatment of the side walls is 
performed using a processing means such as a particle blast and/ or 
an etching reagent and/ or dry ice and/ or ultrasonic waves will be de- 
scribed below. It may be applied instead of or in addition to the 
treatment of the side walls with a laser beam. In this connection a 
device is schematically shown in Fig. 4, particularly the numerals 40 
-46. 

The processing means may be a particle blast, such a sand 
blast having a suitable (intermediate) grain size, or an etching re- 
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agent, e.g. H3PO4, and/or dry ice. It may be stored in a container 42 
and supplied to the location of the swage through a conduit 40 by 
means of a feeding means 41, e.g. a pump. The conduit 40 and par- 
ticularly its front orifice 40a may be inserted into the produced (par- 
tial) swage. 

If dry ice (particularly CO2 in a solid state of aggregation) is 
used, a jet, particularly a gas or air jet, containing particles of dry ice 
may be guided along the surfaces to be worked over or the side walls. 
The dry ice particles may have an average diameter in a range of 1 to 
4 mm. During the impact on the surface to be processed or shortly 
before it the dry ice evaporates, and the energy set free leads to the 
removal of the deposits to be removed. 

If ultrasonic waves are used for treating or cleaning the side 
walls the workpiece can be immersed into a liquid bath. The treat- 
ment with ultrasonic waves can be carried out independently or in 
addition to the other measures. 

The relative position (x/y/z) and/or angular position of the con- 
duit 40 and particularly its front orifice 40a with respect to the work- 
piece 1 1 may be adjustable and/ or automatically guidable along the 
surfaces of the swage, particularly the side wall or parts of it, during 
the treatment of the side walls. For this purpose an adjustment 
means 49 may be provided which sets or moves along the relevant 
positions in an automatically controlled manner during the process. 
Since the processing means usually acts in a broader spatial distri- 
bution than a laser beam 12 the adjustment of the conduit 40 may be 
coarser than the adjustment of the laser beam. A single adjustment 
of the position and/ or angular position before the treatment of the 
side walls or a single movement around the circumference of the 
swage, i.e. around the existing side wall, may be sufficient. 
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During the treatment of the side wall at least the machine, pref- 
erably also parts of the workpiece 11, may be shielded from excessive 
processing means. For this purpose, for example, a shielding means 
43 may be provided by which the processing means is at least kept 
away from the device. It may be bell- or bowl-shaped, and it may be 
placed on the workpiece surface during the treatment of the side 
walls. The adjustment means 49 may be provided within the shield- 
ing means 43. 

During the treatment of the side walls excessive processing 
means may be removed, particularly removed by suction. For this 
purpose suction means comprising, for example, a pipe 44, a pump 
45 and a receiving container 46 may be provided. 

For the treatment of the side walls the workpiece 1 1 may, in 
particular, be repeatedly and automatically moved out of the work 
area of the laser beam 12 and into the vicinity of the conduit 40 of 
the processing means, preferably together with the table 14, as indi- 
cated by the arrow 47. For the treatment of the side wall, however, 
the conduit 40 of the processing means may also be moved into the 
work area of the laser beam 12 and towards the workpiece 1 1, as in- 
dicated by an arrow 48. 

The treatment of the side walls is preferably performed several 
times during the production of the swage, for example each time after 
a certain number of layers or a certain volume has been removed or 
after a wall surface of a certain size has been exposed. The complete 
changeover between the production of the swage and the treatment of 
the side walls including a suitable positioning of the workpiece 
and/ or the conduit 40, the cover 43 and the suction means 44 - 46 is 
preferably performed automatically. 
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The device for the production of a swage according to the inven- 
tion is particularly intended to perform the method for the production 
of a swage according to the invention. 

Having described the invention, we claim: 



